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‘ Memo #M-ASTR-TSJI-5-62

o SATURN Office, Astrionics Division
o M-ASTR-TSJ ToNSTS 5/

SUBJECT Technical Information Swnmary Concerning SATURN Vehicle
SA-2

This memorandum outlines, through a series of sketches, some of
the important features and sequences concerning the second SATURN vehicle.
The sketches are devoted primarily to the control and instrumentation

N

aspects of the vehicle but also touch on the launch facility and countdown

The SATURN C-1 Program has as its primary objective, the
develonment of a large two stage vehicle for use in space operations. Ten
venicles are planned for the research wud de¢ -v«el.o‘pment phase and are
divided into Block I (SA-1 through S ) anc Block II (SA-5 through SA-10).
The first four SATURN vehicles will besdauzched from complex VLF 34 at
Cane Canaveral, on an azimuth of lbO duv'” ¢ o mzst of North, The general
gement of launch complex VLF 34 is szew in Figure 1.

the S-1 s:age ic wrepelled and there

The S5-IV

is no separation of the S-I stag
e will be active on the Biccxk II veh-cles :S% 5 and sub

The first vehicle of thiz series {(SA-1) was launched with no
technical holds at 1006 EST o ser 27, 1961 from Launch Complex 34,
AMR, on an azimuth of 100° The flight performance of the
vehicle was excelleni; no maih cviations were observed which

could be considered .. serioun dur or design deficiency. How-
seconds of flight; although
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tilt program comimmands, as expected, Evca thouvh this d1d not have any
appreciable effect on the stability of the vehicle, a '""'smooth' tilt program
is being introduced on SA-2 and subsequent vehicles. (See Figure 7).

-

2. Control System {(See Figure 5]

Control information is supplicd to the Flight Control Computer
by the following control sensors:

2. The ST-90 Stabilized Platiorm Sys tem which provides

the attitude reference sigrals, and

‘b. The Local Angle-oi-Attack Transducers which pro-

vide the angle-of-attack signa's,
, The necessary attitude rate information is obtained by elec-
trical differentiation of the three attitude signals in the Flight Control
Computer by means of R-C networks.

This computer filters, amplifies and/or attenuates, shapes,
and sums these signals and in turn issues steering commands to the eight
hydraulic actuators for proper positioning of the four outer H-1 engines, which
eifect vehicle control in pitch, yaw and roll., The control system gain factors
{aq, 2 ay, and b,') for the pitch, yaw and roll axes are shown in Figure 6,
along with the engine and control actuator iocations. Sloshing of the propell-
ants in the S-I stage is reduced by the an‘tl-slosh baffles to the level where
it does not significantly affect the control system. First and second bend-
ing mode influences on the control system zre suppressed by phase shap-
ing and/or attenuation of those frequencies { =2 to =4 cps) and (=6 to =12 cps)
in the Flight Control Computer. (See Figure 11).

Pitch programming of the vel..cle is provided by a cam device
{located in the Servo Loop Amplifier Box) which contains the pre-selected
tilt program.

The primary 28 v.d. c. gower for the vehicle system is supplied
by two 2650 amp-min. capacity batteries. These batteries also supply power
to the 1800 VA Rotary Inverter which
for the vehicle systems.

provides 400 cycle, 115 v.a.c. power

Fa

est flown on SA-2 to obtain
n required for the development
ATURN C-1 vehicles:

a. Three ST-90 mounted AMAD -4 Accelerometers which
srovide 3 axes velocity information in cigiual form.
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b. A Guidance Signal Processor - Repeater which processes the
gital velocity signal. and conditions therr for telemetering.

c. A 3 axes Control Rate Gy:-o Package which provides atti-
ate information as a.c. signals.

ot
o
o
o
H

- d., A Control Signal Prccessor which converts the attitude
rate information to d. c. control signals and conditions them for telemetering.

e. Pitch and yaw Control Accelerometers which measure
lateral vehicle accelerations, converts the signals to d.c. control signals
and conditicns them for telemetering.

f. A Q-ball Transducer which measures pitch and yaw angles-
of-attack and dynamic pressure, converts the signals to d.c. and conditions

them for telemetering.

3. Trxajectory

r

he basic flight trajectory fc:r SA-2 (with all eight engines
erating) is outnned in Figure 4., Tl e tJ.L program is based on the seven
engines operating case. The vehicle pitch angle-of-attack brought about
by .this compromise is rather small and therefore acceptable from the
f the inboard engines is initiated by the propell-
ant level sensors around i1l seconds aiter liftoff. The outboard engines
are cut off six seconds later by a signal

Q
J ’u

laa T2

rorn the Program Device.

4, Telemetry System

The telemetry system of i
components, Figure § shows the type o

it separate RE links, has 30

of tzlemetry unit, its transmitter
frequency, and measuring capacity. FM/EFM is used extensively on SA-2.
Two SS/FM units which are used to transniit high frequency information
{vibration and accoustical measurementis) have been added to SA-2,

5. Measuring System

4

The measurin than 800 measuring com-

mplifiers, zone boxes, etc.,

24

(-]
[
o

ponents (signal conditioner
and meacwring transducers, flowmeters, accelerometers, pressure
, Which provide over 600 indiridual measurements (=530

cavges, etc.) I
o B N U boud . A.‘_.‘.. o~
irignt ana 9‘3 biockhouse).

e Safety and Tracking

The five R, F, sysiems used ior range safety and tracking are
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shown in Figure 10. These systems are comprised of 26 components.

a. Command Systern: The f:inction of the command system
is to receive a R, F., cornmand signal from the ground transmitter (range
safety officer) to energize the vehicle's fuel dispersion system (vehicle
command destruct)., Range safety requires that each vehicle launched from-
the Atlantic Missile Range carry a command destruct system. The system
'is comprised of two separate and independent units; the only items that
are common are the antennas and some cabling. Each unit receives its
power from a separate 28 v.d.c. battery.

: On the SA-2 flight, release of the water ballast in the S5-IV
and S-V dummy stages will be made '(Project Highwater - See Figure 4).
The release will be by command from the range safety officer through
the vehicle command destruct system, about 45 seconds after cutoff.

This experiment will also be a positive teust of the S-I stage command des-
truct system.

b, Azusa and C-Band Radar Systems: These systems provide
signals to a ground computer comuplex to cbtain position and velocity inform-
ation. These trajectory data are presented on plotting boards for the range

al mime" vehicle performance. In
t flight evaluation of the vehicle's

safety officer to use in determirning 've
addition, they are also used for the pos
trajectory.

c. S-Band Radar and UDOP Systems: These systems pro-
vide trajectory data (vehicle position and v:locity) for the post fiight eval-
vation of the vehicle's performance.

.
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